ABSTRACT. Serum amyloid A (SAA) and haptoglobin (Hp) levels were determined in 25 cows suffering from amyloidosis. SAA levels in cows with amyloidosis ranged between < 0.3 and 225.8 µg/ml, with a median level of 105.1 µg/ml, and Hp levels ranged between < 20 and 1860 µg/ml, with a median level of 950 µg/ml. These levels were significantly higher than the levels observed in healthy cows (SAA levels ranged from < 0.3 to 13.5 µg/ml, with median of 1.4 µg/ml, and Hp levels were undetectable in all cases), but were not significantly different from the levels observed in control cows with chronic inflammation. There was a significant correlation between SAA and Hp levels in cows with chronic inflammation , but not in cows with amyloidosis. It was concluded that the serum SAA levels in cows with amyloidosis might be changed by some factor other than inflammation. KEY WORDS: amyloidosis, haptoglobin, serum amyloid A.
Bovine amyloidosis is a relatively rare disease, with main symptoms of persistent diarrhea and edema. The clinical signs, clinical pathology and pathology of the disease have been reported by many authors. Epidemiologically, the disease is more common in aged cows, or occurs subsequent to chronic inflammatory diseases such as chronic arthritis and chronic mastitis [4, 13, 14] , but the etiology is not clear. Moreover, at present it can be diagnosed clinically only at the terminal stage showing nephrotic syndrome, and the establishment of ways to enable on early diagnosis and elucidation of the mechanism of the onset of the disease are needed.
The amyloid protein deposited in bovine amyloidosis is amyloid A (AA), and the precursor protein of AA is serum amyloid A (SAA). SAA is one of the acute phase reactive proteins contained in the serum of various animal species, including cattle and humans, and has a molecular weight of approximately 12-14 kD. SAA is usually degraded rapidly by enzymes which are present on the surface of macrophages, but when this degradation process is obstructed, SAA is partially degraded, producing AA, which has a molecular weight of approximately 8-9 kD. AA is polymerized, becomes fibrotic, and is extensively deposited in various organs, causing amyloidosis [6] .
In humans, persistent high SAA levels in serum are considered a risk factor for amyloidosis, however, high SAA levels are not diagnostic of amyloidosis [16] . SAA levels in cows with various diseases have been reported only recently [2, 3, 5, 8, 9] , but the levels are not routinely measured yet, and there has been only one publication on the determination of the serum SAA level in a cow with amyloidosis [1] .
In the present study, we determined SAA levels in cows suffering from amyloidosis and evaluated the diagnostic value of the SAA level. Moreover, we determined the levels of serum haptoglobin (Hp), which, like SAA, was a more sensitive marker of inflammation than other acute phase reactants in cows [8, 12] , and examined the correlation of SAA and Hp levels with amyloidosis in order to confirm whether or not the SAA level in cows with amyloidosis was increased in the presence of inflammation.
The animals studied were 25 Holstein dairy cows which were diagnosed by histopathological examination as suffering from amyloidosis. Eighteen cows with chronic inflammatory diseases (13 cows with chronic arthritis, five cows with chronic mastitis) and 10 health cows as judged using clinical and clinicopathological examinations were used as control animals.
SAA levels were determined with a commercial ELISA kit (Serum Amyloid A assay, Tridelta Development) [10] . Serum Hp levels were determined using a commercial assay kit (Bovine Hp Plate, Ecos Laboratory) based on the SRID method [11] . SAA and Hp levels in healthy cows, the cows suffering from amyloidosis and the cows with chronic inflammatory diseases were compared by Mann-Whitney's U-test at the significance level of p<0.05. Spearman's order correlation coefficient (r s ) was calculated between SAA and Hp levels in cows with amyloidosis, and in cows with chronic inflammation , at the significance level of p<0.05. SAA levels were above the limit detection of 0.3 µg/ml in 24 of 25 cows with amyloidosis, with a median level of 105.1 µg/ml and a range between 8.0 and 225.8 µg/ml. SAA levels in healthy cows were above 0.3 µg/ml in 8 of 10 cows examined, with a median level of 1.4 µg/ml and a range between 0.3 and 13.5 µg/ml. The difference between the cows with amyloidosis and the healthy cows was significant. The SAA level in cows with chronic inflammatory diseases showed a median level of 87.6 µg/ml and a range between 17.1 and 298.2 µg/ml. The difference between these cows and the healthy cows was significant, while the difference between these cows and the cows suffering from amyloidosis was not significant. Serum Hp levels were above the limit of detection of 20 µg/ml in 22 of 25 cows with amyloidosis, with a median level of 950 µg/ml and a range between 60 and 1,860 µg/ml. The serum Hp level in cows with chronic inflammatory diseases showed a median level of 455 µg/ml and a range between 180 and 2,000 µg/ ml, and the difference between these cows and the cows with amyloidosis was not significant. The serum Hp levels in healthy cows were all below the limit of detection, and significantly lower than the levels in cows with amyloidosis and chronic inflammatory diseases ( Table 1) .
The correlation between SAA and Hp levels in cows with chronic inflammations was significant (r s =0.74, p<0.01). On the other hand, there was no significant correlation between SAA and Hp levels in cows with amyloidosis (Fig.  1) .
The results of the present study indicate that SAA levels in cows suffering from amyloidosis tended to be high, but were significantly higher than the levels in cows with chronic inflammation, and therefore the diagnostic value of SAA level for bovine amyloidosis was judged to be poor. Hp is the most sensitive marker of inflammation in cows [2, 7, 8] . Since most of the cows suffering from amyloidosis examined in the present study showed increases in both SAA and Hp levels, it was thought that the increase in SAA level was mainly caused by concomitant inflammation. This was consistent with the finding in humans that SAA levels in patients with reactive amyloidosis reflected the concomitant inflammatory disease status and cannot be a diagnostic parameter of amyloidosis [16] . We also examined the correlation between SAA and serum Hp levels in cows with amyloidosis and compared it with the correlation in cows with chronic inflammatory diseases which were thought to be significant fundamental diseases [4, 13, 14 ] to clarify whether the SAA level in cows with amyloidosis was increased only as a result of the existence of inflammation. The difference between the correlations in these two diseases suggest that there may be some other factors than inflammation that affect the SAA level in cows suffering from amyloidosis.
SAA has some isoforms which have slightly different amino acid sequences. The function of the different isoforms is not clear, and in humans it has been reported that there is no disease-specific pattern of SAA isoforms in dis- eases including amyloidosis. On the other hand, only SAA 2 , which is one of the isoforms , seems to be the precursor of AA in the mouse [15] . Alsemgeest [1] reported that bovine SAA has some specific isoform expression patterns, and the sera obtained from cows with different diseases showed variable ratios of the isoforms, and furthermore, only one isoform was detectable in the serum of a cow suffering from spontaneous AA-amyloidosis. Thus, there is a possibility that differences of the isoform expression patterns cause the total SAA levels in cows with amyloidosis to change. In the future, analyse of the isoforms of SAA will be necessary in order to clarify the cause of bovine amyloidosis.
